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(Dated: October 27, 2018)
With the assumption that the recently observed X(1835) is a baryonium state we have
studied the strong decays of X(1835) → η(′)π+π−, η(′)π0π0 and the electromagnetic decay
of X(1835) → 2γ in the framework of effective Lagrangian formalism. In the present in-
vestigation we have included the contributions from the iso-singlet light scalar resonances
but we have not included the isospin violating effect. Our result for the strong decay of
X(1835) → η′π+π− is smaller than the observed data. The decay width for the radiative
decay of X(1835)→ 2γ is consistent with the assumption that it decays through the glue-
ball. In addition, the width for the strong decay of X(1835)→ ηπ+π− is larger than that of
the strong decay of X(1835)→ η′π+π− due to the large phase space and coupling constant
gNN¯η. From our investigation, it is not possible to interpret X(1835) as a baryonium.
PACS numbers: 13.25.Jx,12.39.Mk, 13.40.Hq
I. INTRODUCTION
In 2005, the BES collaboration announced the observation of a resonant state termed X(1835)
in the reaction J/ψ → γX, X → η′π+π− [1]. A fit to this resonance with the Breit-Wigner function
yields the quantum number JPC = 0−+ and mass MX = (1833.7 ± 6.1 ± 2.7) MeV, width ΓX =
(67.7 ± 20.3 ± 7.7) MeV and the product branching fraction Br(J/ψ → γX(1835))Br(X(1835) →
η′π+π−) = (2.2±0.4(stat.)±0.4(syst.))×10−4. Actually, without include the final state interaction,
the parameters of this resonance have been fitted to beMX ≃ 1859+3−10(stat)+5−25(syst) MeV and the
total width Γ < 30 MeV in Ref. [2]. Since the discovery of the X(1835) state, many models have
been proposed to explain its properties [3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19].
In the previous works, the X(1835) state has been conjectured to be a baryonium state [3, 4,
5, 6, 7, 8, 9, 10, 11, 12, 13], pseudoscalar glueball state [14, 15, 16] and also a radial excitation
of η′ [17, 18, 19]. Although there are many speculations, none of the above claims can be either
confirmed or ruled out by the present experiments. In our present work, we have calculated the
strong decays of X(1835) → η(′)π+π−, η(′)π0π0 and radiative decay of X(1835) → 2γ using the
effective Lagrangian formalism by treating the X(1835) as a NN¯ baryonium. This seems to be a
reasonable approximation if one only considers the fact that the mass of the X(1835) is bit lower
than the threshold energy of pp¯ and nn¯ (about 40 MeV). Our philosophy is that, assuming the
X(1835) as a baryonium, if we can get the numerical results agree with the observed data the
baryonium assumption is reasonable otherwise the baryonium picture can be ruled out, at least in
this framework. The coupling of the X(1835) to its constituents can be described by the effective
Lagrangian. The corresponding effective coupling constant g
X
is determined by the compositeness
condition Z = 0 which was earlier used by nuclear physicists [20, 21, 22] and is being widely
used by particle physicists (see the references in [23]). We had applied the above method to
study the newly observed charmed mesons [23, 24, 25] and their decay properties which we had
obtained agreed with the observed data. We had also employed the above technique to predict
the decay properties of the bottom-strange mesons [26]. In our present work, we have used a
typical scale parameter ΛX to describe the finite size of the baryonium. The value of ΛX is fixed
by considering the coupling constant g
X
is expected to be stable. For other interactions, we have
used the phenomenological Lagrangian and have borrowed the relevant coupling constants from
the existing literature. Using the above phenomenological approaches, we have analyzed the strong
decays of X(1835) → η(′)π+π−, η(′)π0π0 and radiative decay of X(1835) → 2γ. The result of the
decay width of X(1835) → η′π+π− is much smaller than the observed data hence the X(1835)
cannot be treated as a baryonium.
The paper is organized in the following way: In Section II, we have calculated the effective
coupling constant g
X
using the compositeness condition and have discussed the effective Lagrangian
formalism employed in our calculation. In Section III we have calculated the strong decay widths
of X(1835) → η(′)π+π− and radiative decay width of X(1835) → 2γ using the effective coupling
constant g
X
and effective Lagrangian proposed in Section II. In section IV the important results
and conclusions have been given.
II. THEORETICAL FRAMEWORK
A. Baryonium structure of the X(1835) state
In this section we give the formulation for the study of the X(1835) as a baryonium state which
can be thought of as a pp¯(nn¯) bound state. As stated earlier, the mass of the X(1835) is around
40 MeV less than the threshold of pp¯(nn¯). The quantum number of the X(1835) is assigned to
be JPC = 0−+, and its mass is predicted to be mX = 1833.7 MeV [1]. The effective Lagrangian
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describing the interaction between the X(1835) and its constituents is given by
LX(1835)(x) = igXX(x)
∫
dyΦX(y
2)N¯(x+
1
2
y)γ5N(x− 1
2
y) , (1)
where the baryon doublet N is defined as
N =

 p
n


The correlation function ΦX characterizes the finite size of the X(1835) as a NN¯ bound state and
depends on the relative Jacobi coordinates y and x. In the limit ΦX(y
2) → δ4(y), the interaction
given by Eq. (1) becomes local. The Fourier transform of the correlation function ΦX(y
2) is
ΦX(y
2) =
∫
d4p
(2π)4
e−ip·yΦ˜X(−p2)
In following calculation, an explicit form of Φ˜X has been used. The choice of Φ˜X should be such
that it falls off sufficiently fast in the ultraviolet region of Euclidean space to render the Feynman
diagrams finite in the UV region. In this sense, one can also regard Φ˜X as a regulator for the loop
integral. In our work, we have chosen the Gaussian form for Φ˜X
Φ˜X(p
2
E) = exp(−p2E/Λ2X)
where pE is the Euclidean Jacobi momentum. Here ΛX is a size parameter which parameterizes
the distribution of N and N¯ baryons inside the X(1835) baryonium.
The coupling constant g
X
is determined by the compositeness condition [20, 21, 22] which
implies that the renormalization constant of the hadron wave function is set to zero
ZX = 1− Σ′X(m2X) = 0 . (2)
Here, Σ′X(m
2
X) = g
2
X
Π′X(m
2
X) is the derivative of the mass operator ΣX which is represented by
the diagrams in Fig. 1 given below.
p¯
p n
n¯
FIG. 1: Mass operator of X(1835) as a baryonium state.
3
The compositeness condition can be understood in the following: The renormalization constant
Z
1/2
X can be interpreted as the matrix element between the physical state X(1835) and correspond-
ing bare state X0(1835), i.e., 〈0|X0(1835)|X(1835)〉 = Z1/2X 〈0|X(1835)|X(1835)〉 = Z1/2X , so that
ZX = 0 means that the physical state should not be a function of the corresponding bare state
which means that the physical state is a bound state. In our present work, the X(1835) is a bound
state of pp¯(nn¯). In this sense, the compositeness condition excludes the possibility of the processes
involving the X(1835) as an initial or a final state since each external X(1835) contributes a factor
Z
1/2
X to the relevant matrix elements. In addition, because of the interaction between the X(1835)
and its constituents, the mass and wave function of the X(1835) have to be renormalized.
Following Eq. (2) the coupling constant g
X
can be expressed as
1
g2
X
=
1
4π2
∫ ∞
0
dα
∫ 1
0
dx
1
(1 + α)2
d
dµ2X
{
Φ˜(z1) + αµ
2
XΦ˜(z2)
}
(3)
where α and x are both Feynman parameters and
z1 = αm
2
p −
α
4(1 + α)
m2X
z2 = αm
2
p −
α+ 4α2x(1− x)
4(1 + α)
m2X
µ2X = m
2
X/Λ
2
X
x and α are both Feynman parameters. In deriving the expression (3), we have ignored the
mass difference between proton and neutron and expressed the coupling constant g
X
in terms
of the proton mass. To get the numerical result of g
X
, we use mX = 1833.7 MeV [1], mp =
938.272 MeV [27] and vary the scale parameter ΛX from 1.0 GeV to 5.0 GeV. In Fig. 2 we show
the ΛX dependence of the effective coupling constant gX .
FIG. 2: The ΛX dependence of the coupling constant gX .
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Concerning that g
X
is expected to be stable against ΛX , we choose the region of ΛX as
2.0 GeV ≤ ΛX ≤ 3.0 GeV and get the coupling constant to be in the range gX = 2.37 − 2.55.
Comparing our present result with that given in Ref. [12] where this coupling constant was esti-
mated from experimental branching ratio of the X(1835) to pp¯ decay in radiative decay of J/ψ
(by considering that X → pp¯ occurs from the tail of its mass distribution and the value was found
to be, |g
Xpp¯
| ≃ 3.5), we conclude our result agrees with the result given there. In fact, using
BR(X → pp¯) ∼ (0.04 − 0.14) assuming ΓX < 30MeV[2] that Ref. [12] adopted, one can get
g
Xpp¯
= 2.2 − 4.1. In addition, our conclusion is also consistent with that of Ref. [15] which was
based on the glueball assumption. Expressing the coupling constant g
Xpp¯
in terms of g
Xg
which is
the coupling constant between the X(1835) and glueball, one can get g
Xpp¯
= 2.47 − 4.67.
B. Effective Lagrangian for strong and electromagnetic decays of X(1835)
In this section, we have discussed the effective Lagrangian for the calculation of the strong decays
of X(1835) → η(′)π+π− and electromagnetic decay of X(1835) → 2γ. The effective lagrangian can
be divided into two parts, the free part Lfree and the interaction part Lint. It should be noted
that the electromagnetic interaction can be obtained by the minimal substitution (i.e., replacing
the derivative operator ∂µ of the charged particle with the covariant one Dµ = ∂µ − ieQAµ with
Q as the charge of the relevant particle). For the free Lagrangian, it involves states with quantum
numbers JP = 12
+
, 0−, 0+ and 1−.
Lfree = LNfree + LPfree + LSfree + LVfree
where
LNfree = N¯(i∂/−mN )N
LPfree = −
1
2
X(1835)( +m2X)X(1835)
−1
2
~π(x)( +m2pi)~π(x)−
1
2
η(x)( +m2η′)η(x) −
1
2
η′(x)( +m2η′)η
′(x)
LSfree = −
1
2
σ( +m2σ)σ −
1
2
f0( +m
2
f0)f0
LVfree = −
1
4
FµνFµν
with Fµν = ∂µAν − ∂νAµ as the field tensor of photon and  ≡ ∂µ∂µ. For computing the decays
of the X(1835), we have treated the masses of proton and neutron and the masses of the triplet
pions to be the same [1, 27]
mX = 1833.7 MeV; mn = mp = 938.27203 MeV
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mpi0 = m
±
pi = 139.57018 MeV; mη = 547.51 MeV; mη′ = 957.78 MeV; (4)
while for the masses and widths of scalar mesons, we have adopted [28]
mσ = 550 MeV; Γσ = 370 MeV; mf0 = 980 MeV; Γf0 = 64.6 MeV
In the following calculation, we have included the finite width effects of the scalar mesons, that
is, we have written the scalar meson propagators as
D˜S(k) =
i
k2 −m2S + imSΓS
The interaction Lagrangian Lint used in our calculation has two parts, the strong part Lstrint and
the electromagnetic part Lemint
Lint = Lstrint + Lemint
For the strong interaction Lagrangian we have LNN¯X (X-nucleon-nucleon interaction), LNN¯P
(pseudoscalar-nucleon-nucleon interaction), LNN¯S (scalar-nucleon-nucleon interaction) and LSPP
(scalar-pseudoscalar-pseudoscalar interaction)
Lstrint = LNN¯X + LNN¯P + LNN¯S + LSPP
The effective Lagrangian LNN¯X was given in Eq. (1) and LNN¯P and LNN¯S can be expressed as
LNN¯P =
1
2m
gNN¯piN¯γµγ5~τN∂µ~π +
1
2m
gNN¯ηN¯γµγ5N∂µη +
1
2m
gNN¯η′N¯γµγ5N∂µη
′ (5)
LNN¯S = gNN¯SN¯NS (6)
LSPP = −γσpipi√
2
σ∂µ~π · ∂µ~π − γf0pipi√
2
f0∂µ~π · ∂µ~π (7)
where S is the scalar meson (σ and f0 in our problem) and π is the pseudoscalar meson matrix
π =
3∑
i=1
πiτ i =

 π0
√
2π+
√
2π− −π0

 ;
The coupling constants gNN¯pi, gNN¯η and gNN¯η′ were determined via the J/ψ hadronic decay [29, 30]
while gNN¯S was yielded by fitting the theoretical results of NN scattering with the observed
data [31]
(gNN¯pi)
2/(4π) ≃ 14.8
(gNN¯η/gNN¯pi)
2 ≃ 3.90625 × 10−3
(gNN¯η′/gNN¯pi)
2 ≃ 2.5× 10−3
6
(gNN¯S)
2/(4π) ≃ 5.69
The scalar-pseudoscalar-coupling constant γSPP was given in Ref. [28]
γσpipi = 7.27 GeV
−1; γf0pipi = 1.47 GeV
−1
For the electromagnetic interaction Lagrangian Lemint used in our calculation, it has two parts:
(i) is from the gauge of the charged free nucleon Lagrangian, and (ii) is from the gauge of the
nonlocal interaction
Lemint = Lem(i)int + Lem(ii)int
where
Lem(i)int = eAµN¯γµ
1 + τ3
2
N (8)
Lem(ii)int = igXX(x)
∫
dyΦX(y
2)
{
eieI(x+
1
2
y,x− 1
2
y;P )p¯(x+
1
2
y)γ5p(x− 1
2
y)
}
(9)
where the Wilson line I(x, y, P ) is defined as
I(x, y;P ) =
∫ x
y
dzµA
µ(z)
To derive the Feynman rules for photons, we require the derivative of I(x, y;P ). For this we
have used the path-independent prescription as suggested in Ref. [32, 33] which implies that the
derivative of I(x, y;P ) does not depend on the path P originally used in the definition. Also in our
calculation of X(1835) → 2γ, in principle we should expand the above expression to the second
order but the diagram with photons from this vertex does not contribute since the trace of gamma
matrices vanish.
III. STRONG AND ELECTROMAGNETIC DECAYS
Having discussed the effective coupling constant g
X
and the effective Lagrangian, we are in the
position to calculate the decay properties of the X(1835). In this section, we have calculated the
strong decays of X(1835) → η(′)π+π− and also the radiative decay of X(1835) → 2γ.
A. Strong decays of X(1835)→ η(′)π+π−
For the strong decays of X(1835) → η(′)π+π−, the Feynman diagrams of Fig. 3 and Fig. 4
contribute. All the diagrams listed in Fig. 3 are from the one-pseudoscalar meson-nucleon-nucleon
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vertex while the diagrams listed in Fig. 4 are from the scalar resonance contributions. For the
isospin symmetric case following relations among matrix elements exist
iM(A) = iM(D); iM(B) = iM(E); iM(C) = iM(F )
pi−
X X X
XXX
p
p p p
pp
p n n
n p
η(′) pi−
η(′)
(A) (B) (C)
(D) (E) (F )
pi+
n p
p n
pi+
η(′) pi−
pi+
pi−
η(′)
n
p
p¯
n¯
n
p¯
n¯
p
n
p
p¯
η(′)
pi−
pi+
pi−
pi+
p
p
n
n¯
pi+
η(′)
FIG. 3: Diagrams contributing to the strong decay of decay ofX(1835)→ η(′)π+π− without scalar resonance
contribution.
η(′)
X
n
n¯
(B)
η(′)
X
p
p¯
σ/f0
pi−
(A)
pi−
σ/f0
pi+pi+
p
(C) (D)
p¯
p
X
n
n¯
η(′)
pi+
pi−
σ/f0
pi+
pi−
σ/f0
η(′)
X
FIG. 4: Diagrams contributing to the strong decay of decay of X(1835)→ η(′)π+π− with scalar resonance
contribution.
It should be noted that to include the isospin violating effect, the diagrams in Fig. 5 and Fig. 6
should also be considered. For isospin symmetric case the matrix elements for the diagrams of
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Fig. 5 and Fig. 6 have the following relations
iM(A) = −iM(B); iM(C) = −iM(D)
In our present work we have considered isospin symmetric case and hence diagrams of Fig. 5 and
Fig. 6 do not contribute. In addition, the diagrams with ρ∓µ η
(′)∂
↔
µπ
± vertex also have not been
considered due to the G-parity conservation.
X
X
X
X
p n
n¯p¯
η(′) η(′)
ρ0
p n
n¯p¯
ρ0 ρ0
η(′) η(′)
pi+
pi−
ρ0 pi+
pi−
pi+
pi− pi−
pi+
(A) (B)
(C) (D)
FIG. 5: Diagrams contributing to the strong decay X(1835)→ η(′)π+π− from the ρ meson exchange.
X
X
X
X
p n
n¯p¯
η(′) η(′)
p n
n¯p¯
η(′) η(′)
(A) (B)
(C) (D)
pi−
pi+
pi−
pi+
pi+
pi−
pi+
pi−
FIG. 6: Diagrams contributing to the strong decayX(1835)→ η(′)π+π− from the two-meson-nucleon vertex.
In the following calculation, we label the momenta of the relevant particles according to the
scheme X(p) → π+(q1) + π−(q2) + η(′)(q3). The partial decay width is related to the invariant
matrix element M(p→ q1 + q2 + q3) by the relation
Γ(X(1835) → π+π−η(′)) = 1
2mX
∫
|M2|dΦ
9
where dΦ is the Lorentz invariant phase space volume element
dΦ = (2π)4δ4(p−
3∑
i=1
qi)
3∏
i=1
dqi
2Ei(2π)3
with E1 =
√
m2pi + q
2
1, E2 =
√
m2pi + q
2
2 and E3 =
√
m2
η(′)
+ q23. After integrating the delta
function over the solid-angle elements dΩ1 and dΩ2 and treating the X(1835) as an unpolarized
particle, the partial decay width can be expressed as a two dimensional integral
Γ(X(1835) → η(′)π+π−) = 1
64π3mX
∫
|M2|dE1dE2 (10)
The matrix elements are calculated by evaluating the loop integral. For example, the matrix
element M(A) for the corresponding diagram (A) in Fig. 3 is
iM(A) = −geff
2
(2m)3
∫
d4k
(2π)4
Φ˜((k − p
2
))
×Tr{(k/+m)γ5[(k/− p/) +m]q/3γ5[(k/ − q/1 − q/2) +m]q/2γ5[(k/− q/1) +m]q/1γ5}
(k2 −m2)[(k − p)2 −m2][(k − q1 − q2)2 −m2][(k − q1)2 −m2]
where geff = gXg
2
NN¯pi
gNN¯η(′) . After performing the trace calculation, the matrix element can be
decomposed in terms of the tensor structure
iM(A) = −geff
2
(2m)3
[4α0D0 + 4αµD
µ + 4αµνD
µν + 4αµναD
µνα]
where α’s are functions of the external momenta and D’s are the loop integrals. Their explicit
forms are given in Appendix A.
The results for the decay widths of Γ(X → η(′)π+π−) in the energy region ΛX = 2.0− 3.0 GeV
are
Γ(X → η′π+π−) = 0.580 − 1.273 MeV; ΓP (X → η′π+π−) = 0.335 − 0.400 MeV
Γ(X → ηπ+π−) = 6.522 − 13.29 MeV; ΓP (X → ηπ+π−) = 1.550 − 1.926 MeV
where the upper index P means that the results are from the pure pseudoscalar processes illustrated
in Fig. 3. The above decay widths increase with increase in ΛX . To obtain the above results, the
coupling constant g
X
calculated before and the coupling constants given above were used. Using
the central value of the total width Γ(X(1835)) = 67.7 MeV [1], the branching ratios turn out to
be
BR(X → η′π+π−) ≃ 8.57 × 10−3 − 1.88 × 10−2
BR(X → ηπ+π−) ≃ 9.63 × 10−2 − 1.96 × 10−1
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Using the result BR(J/ψ → γX) ∼ (0.5 − 2) × 10−3 [34], the following product for branching
fraction is obtained
BR(J/ψ → γX)BR(X → η′π+π−) ≃ (0.428 − 1.714) × 10−5 − (0.94 − 3.76) × 10−5
which is much smaller than the observed data. The uncertainties in the parentheses are from the
uncertainty of BR(J/ψ → γX). The large uncertainty comes from the measurement of BR(J/ψ →
γX). In addition, the product of branching fraction BR(J/ψ → γX)BR(X → ηπ+π−) yields
BR(J/ψ → γX)BR(X → ηπ+π−) ≃ (0.418 − 1.926) × 10−4 − (0.963 − 3.852) × 10−4
where the uncertainties in the parentheses are also from the uncertainty of BR(J/ψ → γX).
Our calculation shows that the strong decay width Γ(X(1835) → η′π+π−) based on the bary-
onium assumption in the energy scale 2.0 GeV ≤ ΛX ≤ 3.0 GeV is much smaller than the
data which leads to the conclusion that the X(1835) may not be a baryonium. In addition,
we have also predicted the strong decay width of Γ(X → ηπ+π−) should be larger than that
of Γ(X(1835) → η′π+π−) if the X(1835) is a baryonium due to the large phase space and coupling
constant gNN¯η.
B. Radiative decay of X(1835)→ 2γ.
The X(1835) state can decay into two photons. Since the X(1835) state is a pseudoscalar state
the radiative decay is an anomalous process. The matrix element can be written as
iMµν(X(1835) → 2γ) = αemǫµναβpαqβGXγγ
where q and p are the momenta of the two final photons. Using the above expression the decay
width is given by
Γ(X(1835) → 2γ) = 1
8πmX
|M |2 |~pcm|
mX
=
1
32π
α2emm
3
XG
2
Xγγ
where |~pcm| = mX/2 is the three-momentum of the decay products.
In our present model, the decay X(1835) → 2γ happens via the process given by the diagrams
in Fig. 7. Diagrams (A), (B) and their corresponding cross diagrams arise from the gauge of the
nonlocal interaction (9). Diagram (A) and its cross one are from quadratic terms of Aµ in the
expansion of Eq. (9) while diagram (B) and its cross one are from the linear terms of Aµ and the
gauge of the proton free Lagrangian (8). Diagrams (C) and (D) arise from Lagrangian given by
(8).
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γγ
X
(A)
p
p
γ
p
p
(B)
γ
X
+ Cross Diagrams
X
p
p
p
X
p
p
p
γ
γ
γ
γ
(C) (D)
FIG. 7: Diagrams contributing to the radiative decay X(1835)→ 2γ.
From our analysis neither diagram (A) nor diagram (B) contributes to the total matrix element
due to the vanishing of the trace of gamma matrices. So we need to calculate only the diagrams (C)
and (D) which are the same as that calculated in the triangle anomaly problem. Since the discovery
of the triangle anomaly [35, 36], the calculation of these diagrams have been discussed widely in the
literature. We had discussed the ambiguities in the calculations induced by regularization, Dirac
trace, and momentum shifts [37]. From our calculation
GNLXγγ = gX
2mp
πΛ2X
∫ ∞
0
dα1dα2dα3
1
(1 + α1 + α2 + α3)2
exp{argem/Λ2X}
where the upper index NL corresponds to the Nonlocal case and
argem = −
1
1 +
∑3
i=1 αi
(
1
2
+ α2)(
1
2
+ α2 + α3)m
2
X + (
1
4
+ α2)m
2
X −
3∑
i=1
αim
2
p
Using the values of the parameters we present the numerical results now. For the effective
coupling GNLXγγ , and for the scale parameter in the range 2.0 GeV ≤ ΛX ≤ 3.0 GeV, we get the
result
GNLXγγ = 0.6813 GeV
−1 − 0.3804 GeV−1
and the corresponding electromagnetic decay width
ΓNLXγγ = 1.516 KeV − 0.4726 KeV
12
g
X
ΓX→η′pi+pi− ΓX→ηpi+pi− ΓX→η′pi0pi0 ΓX→ηpi0pi0 ΓX→2γ
2.55 − 2.37 0.580 − 1.273 6.522 − 13.29 0.290 − 0.637 3.261 − 6.645 1.516 − 0.4726
TABLE I: The ΛX dependence of effective coupling constant and decay widths in the region 2.0 GeV ≤
ΛX ≤ 3.0 GeV(The strong decay width is expressed in unit of MeV while the electromagnetic decay width
is expressed in unit of KeV).
Both GNLXγγ and Γ
NL
Xγγ decrease with increase in ΛX .
The radiative decay has been investigated in Ref. [15] treating the X(1835) as a glueball. The
result obtained for the decay width ΓXγγ = 1.1(0.31 − 1.1) KeV agrees with our result.
IV. DISCUSSIONS AND CONCLUSIONS
In this work, the strong decays ofX(1835) → η(′)π+π− and electromagnetic decay ofX(1835) →
2γ have been calculated using the effective Lagrangian method. In our work we have treated the
X(1835) as a baryonium. To fix the only free parameter ΛX we postulated that the coupling
constant g
X
has to be stable against ΛX . With this assumption, we varied ΛX from 2.0 GeV
to 3.0 GeV. In the above region the strong decay width of X(1835) → η′π+π− is much smaller
than the observed data but our prediction of the electromagnetic decay width of X(1835) → 2γ
is in agreement with the result where X(1835) decays through glueball. In addition, we have also
calculated the strong decay width Γ(X(1835) → ηπ+π−) explicitly. The calculated width is much
larger than the partial width of Γ(X(1835) → η′π+π−) which is consistent with the direct analysis
of the phase space and the coupling constant.
In the baryonium picture, other decay modes of X(1835) can also be calculated. Using the
isospin relation we get
Γ(X(1835) → η′π0π0) = 1
2
Γ(X(1835) → η′π+π−) = 0.290 − 0.637 MeV;
Γ(X(1835) → ηπ0π0) = 1
2
Γ(X(1835) → ηπ+π−) = 3.261 − 6.645 MeV
The other three-pseudoscalar strong decay channels are either isospin symmetry violating processes
(π+π−π0 and 3π0) or OZI rule suppressed (with Kaon meson in the final state). The four strong
decay channels discussed above are dominant among all the three-pseudoscalar channels. We have
listed the effective coupling constant g
X
and their decay widths in the region 2.0GeV ≤ ΛX ≤
3.0 GeV in Table. I.
It should be noticed that in principal, the finite width effect should be included by introducing
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the Breit-Wigner distribution function. However, this will suppress our results and our final con-
clusion will not be changed. Moreover, there are also uncertainties from the sigma meson mass and
width. Here, we applied the results yielded by unitarizing the ππ and πK scattering amplitudes.
To conclude, we have studied the three-pseudoscalar meson and two-photon decays of X(1835).
The strong decay width Γ(X(1835) → η′π+π−) is smaller than the experimental data while the
two-photon decay width agrees with the result where X(1835) was assumed to decay via the glue-
ball assumption. From our results X(1835) cannot be treated as a baryonium, at least in the
framework of the composite model as applied in this paper. We have obtained other dominant
three-pseudoscalar meson decay channels from the isospin relations. To confirm the structure of
X(1835) further theoretical analysis is necessary.
APPENDIX A: DECOMPOSITION OF ONE LOOP INTEGRAL.
For the one loop integral of diagram (A) of Fig. 3, after performing the trace calculation we get
the following decomposition
iM(A) = −geff
2
(2m)3
∫
d4k
(2π)4
Φ˜((k − p
2
))
×Tr{(k/+m)γ5[(k/− p/) +m]q/3γ5[(k/ − q/1 − q/2) +m]q/2γ5[(k/− q/1) +m]q/1γ5}
(k2 −m2)[(k − p)2 −m2][(k − q1 − q2)2 −m2][(k − q1)2 −m2]
= −geff 2
(2m)3
[4α0D0 + 4αµD
µ + 4αµνD
µν + 4αµναD
µνα]
where
α0 = m3
[
p · q3q1 · q2 − p · q2q1 · q3 − 2q1 · q2q1 · q3 − q1 · q3q22 + p · q1q2 · q3 + 2q21q2 · q3
]
+m
[
− p · q3q1 · q2q21 − p · q2q1 · q3q21 − p · q3q21q22 + p · q1q2 · q3q21
]
αµ = m3
[
q1 · q2qµ3 − 2q2 · q3qµ1
]
+m
[
− 2p · q2q21qµ3 + 4p · q3q21qµ2 + 4p · q1q1 · q2qµ3 − 2p · q3q1 · q2qµ1 + 2p · q2q1 · q3qµ1
−4q1 · q2q1 · q3pµ + 2p · q1q22qµ3 − 2q1 · q3q22pµ − 2p · q1q2 · q3qµ1 + 2q2 · q3q21pµ
]
αµν = m
[
− 4p · q1qµ2 qν3 + 4p · q2qµ1 qν3 − 4p · q3qµ1 qν2 + 4q1 · q3pµqν2 − 4q2 · q3pµqν1
]
+m
[
3p · q3q1 · q2 − 3p · q2q1 · q3 + 2q1 · q2q1 · q3 + q1 · q3q22 + 3p · q1q2 · q3 − 2q21q2 · q3
]
gµν
αµνα = 2m
[
q2 · q3qα1 − q1 · q2qα3
]
gµν
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and
D{0;µ;µν;µνα} =
∫
d4k
(2π)4
Φ˜((k − p
2
))
{1; kµ; kµkν ; kµkνkα}
(k2 −m2)[(k − p)2 −m2][(k − q1 − q2)2 −m2][(k − q1)2 −m2]
It is to be noted that due to the relation
k · p = −1
2
{
[(k − p)2 −m2]− (k2 −m2)− p2
}
k · q1 = −1
2
{
[(k − q1)2 −m2]− (k2 −m2)− q21
}
k · q3 = −1
2
{
[(k − p)2 −m2]− [(k − q1 − q2)2 −m2] + (q1 + q2)2
}
the above vector, two- and three- rank four-point integrals can be expressed in terms of scalar
four-point and three-point integrals
αµD
µ = βV0 D0 + β
V
234C234;0 + β
V
134C134;0 + β
V
124C124;0 + β
V
123C123;0
αµνD
µν = m3βT10 D0 +mβ
T1
0 C234;0 +m
[
βT1;µ123 C123;µ + β
T1;µ
124 C124;µ + β
T1;µ
134 C134;µ + β
T1;µ
234 C234;µ
]
+m
[
βT20 D0 + β
T2
123C123;0 + β
T2
124C124;0 + β
T2
234C234;0
]
αµναD
µνα = 2m
[
q2 · q3qµ1 − q1 · q2qµ3
]
C234;µ −m3
[
q2 · q3[C123;0 − C234;0]− q1 · q2[C134;0 − C124;0]
−{q2 · q3q21 + q1 · q2[(q1 + q2)2 − p2]}D0
]
with
βV0 = −
1
2
{
m3
[
q1 · q2[(q1 + q2)2 − q2] + 2q2 · q3q21
]
+m
[
− 2q · q2q21[(q1 + q2)2 − q2] + 4q · q3q21[q21 − (q1 + q2)2]
+4q · q1q1 · q2[(q1 + q2)2 − q2] + 2q · q3q1 · q2q21 − 2q · q2q1 · q3q21
+4q1 · q2q1 · q3q2 + 2q · q1q22[(q1 + q2)2 − q2] + 2q1 · q3q22q2 + 2q · q1q2 · q3q21
−2q2 · q3q21q2
]}
βV234 = −
1
2
{
2m3q2 · q3 +m
[
2q · q3q1 · q2 − 2q · q2q1 · q3 + 4q1 · q2q1 · q3 + 2q1 · q3q22 + 2q · q1q2 · q3
−2q2 · q3q21
]}
βV134 = −
1
2
{
m3q1 · q2 +m
[
− 2q · q2q21 + 4q · q1q1 · q2 − 4q1 · q2q1 · q3 + 2q · q1q22 − 2q1 · q3q22
+2q2 · q3q21
]}
βV124 = −
1
2
{
−m3q1 · q2 +m
[
2q · q2q21 + 4q · q3q21 − 4q · q1q1 · q2 − 2q · q1q22
]}
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βV123 = −
1
2
{
− 2m3q2 · q3 +m
[
− 4q · q3q21 − 2q · q3q1 · q2 + 2q · q2q1 · q3 − 2q · q1q2 · q3
]}
βT10 = 3p · q3q1 · q2 − 3p · q2q1 · q3 + 2q1 · q2q1 · q3 + q1 · q3q22 + 3p · q1q2 · q3 − 2q21q2 · q3
βT1123;µ = 2p · q3qµ2
βT1124;µ = 2p · q2qµ1 − 2p · q1qµ2
βT1134;µ = 2p · q1qµ2 − 2p · q2qµ1 − 2q1 · q3qµ2 + 2q2 · q3qµ1
βT1234;µ = 2q1 · q3qµ2 − 2p · q3qµ2 − 2q2 · q3qµ1
βT20 = −
1
2
{
2q · q1[(q1 + q2)2 − q2][−(q1 + q2)2 + q21] + 2q · q2q21 [(q1 + q2)2 − q2]
−2q · q3q21 [−(q1 + q2)2 + q21] + 2q1 · q3q2[−(q1 + q2)2 + q21] + 2q2 · q3q2q21
}
βT2123 = −
1
2
{
− 2q · q1[(q1 + q2)2 − q2]− 2q · q2[(q1 + q2)2 − q2]
+2q · q3q21 − 2q1 · q3q2 − 2q2 · q3q2
}
βT2124 = −
1
2
{
2q · q1[(q1 + q2)2 − q2]− 2q · q3q21 + 2q1 · q3q2
}
βT2234 = −
1
2
{
2q · q2[(q1 + q2)2 − q2] + 2q2 · q3q2
}
and
C123;{0;µ} =
∫
d4k
(2π)4
Φ˜((k − p
2
))
{1; kµ}
(k2 −m2)[(k − p)2 −m2][(k − q1 − q2)2 −m2]
C124;{0;µ} =
∫
d4k
(2π)4
Φ˜((k − p
2
))
{1; kµ}
(k2 −m2)[(k − p)2 −m2][(k − q1)2 −m2]
C234;{0;µ} =
∫
d4k
(2π)4
Φ˜((k − p
2
))
{1; kµ}
[(k − p)2 −m2][(k − q1 − q2)2 −m2][(k − q1)2 −m2]
C134;{0;µ} =
∫
d4k
(2π)4
Φ˜((k − p
2
))
{1; kµ}
(k2 −m2)[(k − q1 − q2)2 −m2][(k − q1)2 −m2]
Using the above, the matrix element iM(A) can be expressed in terms of the scalar, and vector
C and D functions. For the scalar, vector C and D functions one can evaluate the momentum
integral explicitly and yield the following results.
D{0;µ} =
i
16π2
1
Λ4X
∫ ∞
0
dα1dα2dα3dα4
1
(1 + α˜4)2
{1; 1
1 + α˜4
PD;µ} exp{argD/Λ2X}
C123;{0;µ} = −
i
16π2
1
Λ2X
∫ ∞
0
dα1dα2dα3
1
(1 + α˜3)2
{1; 1
1 + α˜3
PC123;µ} exp{argC123/Λ2X}
C124;{0;µ} = −
i
16π2
1
Λ2X
∫ ∞
0
dα1dα2dα3
1
(1 + α˜3)2
{1; 1
1 + α˜3
PC124;µ} exp{argC124/Λ2X}
C234;{0;µ} = −
i
16π2
1
Λ2X
∫ ∞
0
dα1dα2dα3
1
(1 + α˜3)2
{1; 1
1 + α˜3
PC234;µ} exp{argC234/Λ2X}
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C134;{0;µ} = −
i
16π2
1
Λ2X
∫ ∞
0
dα1dα2dα3
1
(1 + α˜3)2
{1; 1
1 + α˜3
PC134;µ} exp{argC134/Λ2X}
where
α˜n =
n∑
i=1
αi
PD;µ = (
1
2
+ α2)pµ + α3q1;µ + α4(q1 + q2)µ
PC123;µ = (
1
2
+ α2)pµ + α3(q1 + q2)µ
PC124;µ = (
1
2
+ α2)pµ + α3q1;µ
PC234;µ = (
1
2
+ α1)pµ + α2(q1 + q2)µ + α3q1;µ
PC134;µ =
1
2
pµ + α2(q1 + q2)µ + α3q1;µ
argD = −
1
1 + α˜4
P 2D + (
1
4
+ α2)p
2 + α3q
2
1 + α4(q1 + q2)
2 − α˜4m2
argC123 = −
1
1 + α˜3
P 2C123 + (
1
4
+ α2)p
2 + α3(q1 + q2)
2 − α˜3m2
argC124 = −
1
1 + α˜3
P 2C124 + (
1
4
+ α2)p
2 + α3q
2
1 − α˜3m2
argC234 = −
1
1 + α˜3
P 2C234 + (
1
4
+ α1)p
2 + α2(q1 + q2)
2 + α3q
2
1 − α˜3m2
argC134 = −
1
1 + α˜3
P 2C134 +
1
4
p2 + α2(q1 + q2)
2 + α3q
2
1 − α˜3m2
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